Available online xxxx This paper discusses the appropriateness of the "3-stage urban transport policy development cycle" hypothesis proposed by Professor Peter Jones and the importance of both local development context and motorization transport culture in transport policy. It then makes some observations on the future prospects for sustainable cities and transport through major technological innovations in connected and autonomous vehicles, that is, in "Auto Sapiens" as next generation vehicles.
The hypothesis proposed by Professor Peter Jones is presented in order to discuss, through international comparisons, the evolution of urban transport policies and to learn lessons for the future. Jones identifies three stages of changing policy focus in the course of developing motorization: Stage 1 'vehicle' focus; Stage 2 'personal movement' focus; and Stage 3 'activity/quality of life' focus.
Although the appropriate policy package can be expected to differ with each city's level of motorization, for Japanese cities Stage 1 generally seems to apply to the period from the 1960s to the early 1990s, Stage 2 from the early to middle 1990s, and Stage 3 from the 2010s. The main topics and key issues in Stage 1 were road and transport infrastructure development aimed at rapid urbanization and motorization. Major transport issues were traffic accidents, road congestion, and local environmental problems like noise and air pollution. In Stage 2,  with increasing recognition of the limitations of the capacityexpansion-based supply-side approach, transportation demand management (TDM) measures or soft measures were introduced to solve emerging issues of regional air pollution, urban sprawl, limited mobility, and sustainability. Major problems from previous stages still prevail in Stage 3, and further efforts to reduce over-dependence on cars have begun in many cities. Today, depopulation, the ageing of Japanese society, and gradual economic stagnation are recognized as key issues, and people increasingly value the natural environment and health in their lives. The Great East Japan Earthquake (2011) and the subsequent collapse of a nuclear power plant have also changed people's relationship with nature. In transport policy, low carbon/green transport modes, resilient systems, and inclusive services have become key and it is common now to discuss changes in life and business styles through the more intelligent use of cars.
In the context of transport culture-which refers to the general, background social and historical conditions surrounding transport in each city but excludes natural geographical conditions-the process of motorization development and the focus of related policy reflect those differences. On the former point, three basic differences reflect each city's transport culture: D1 vehicle saturation level, D2 social meaning and use of vehicles, and D3 content (vehicle type) and timing/speed of motorization. There seem to be three major causes of shifting policy in the context of transport culture: demographic and other socioeconomic changes on the demand side, new technology and other changes on the supply side, and changes in institutional frameworks including political leadership. These causes are mutually correlated; major policy shifts occur with some trigger(s), and accelerate when the time is ripe. Table 2 illustrates these possible factors. Our experience of shifting policy has, it seems, been the result of many ad hoc short-run responses.
We have seen a major shift in transport policies from an ad hoc, piecemeal approach to something more strategic, from a transport demand-following approach to an integrated package approach that considers both the demand side and the institutional side together with the supply side of urban transport. Today we face various uncertainties with new problems and issues such as climate change, natural disasters, and security even as major technological innovations in ICT open up new possibilities, so new approaches should also be explored. At the turning point from Stage 1 to Stage 2 in the UK, Professor Phil Goodwin characterized the paradigm shift from a "Predict and Provide" approach to a "Predict and Prevent" approach. Accurate prediction of the future now becomes increasingly difficult; an incremental approach that holds some basic strategic direction unchanged should be appropriate. In this way, our Stage 3 may be characterized as taking a "Decide and Act Together" approach that emphasizes the importance of sharing common goals and visions and acting together with various stakeholders in society.
Patterns of motorization
We observe different patterns of motorization development in terms of the main transport modes used in each city, which may be understood as a result of its transport culture. Although comparable transport data sets for international cities are limited, I tried to identify a typology of world cities that includes both mature cities and developing cities in terms of motorization. Table 3 shows the results based on major transport modes using a data set from around the year 2000. 1 This typology is based upon the modal share (%) for three basic transport modes: cars, public transport, and walk/bicycle. Since most cities used cars simultaneously with other conventional modes in 2000, I propose here a typology based upon the dominant mode with maximum share combined with the use of other modes. Since many cities are multi-mode cities using both cars and other modes, I propose three types of multi-mode city. Thresholds were subjectively selected through trial and error. Table 3 shows that the basic types that were identified: C1 Car City, C2 Public Transport City, C3 Non-motorized Transport (NMT) City, and C4 Multi-mode City. There are three sub-types under Multi-mode City depending upon the main or base mode (car, public transport, or NMT).
There are several interesting observations in Table 3 . First, there are several NMT cities or public transport cities in European countries where motorization is most advanced or mature in terms of vehicle ownership. Well-known EST (Environmentally Sustainable Transport) cities such as Geneva, Munich, Paris, and Stockholm are found among car-based multi-mode cities. Second, motorization patterns differ even within the same country depending upon local conditions and transport culture. It is interesting to note that the three largest Japanese metropolises are classified as different types: Tokyo is C2, Osaka is NMT-based C4, and Nagoya is Car-based C4. Third, public transport is the main mode in many former East European cities such as Warsaw, Budapest, and Moscow. Fourth, the car is the main mode in Ho Chi Minh City where many motorcycles are used.
Since public transport is important, policy options for motorization strategies and the general situation regarding primary public transport modes in developed and developing cities reflect the policy stance and transport culture of each city. Table 4 shows the situation with cities in Japan, USA, Europe, and elsewhere. In addition to railways, paratransit and BRT are used as main modes in many developing cities.
The historical development pattern of urban transport is directed toward more convenient, affordable, safe, and speedy means, with modernization from man/animal-powered modes to bicycle/paratransit and then to car/bus/rail. Fig. 2 describes various development patterns in urban transport systems in Asian cities. Beside the Auto City, Bus City, and Mass Transit City, I have also included Motorcycle City and Paratransit City, which characterize Asian developing cities. Reflecting local conditions, many different development paths have led to the current situation. Understanding the present situation of motorization in its historical and international context should be valuable for learning lessons from other cities when discussing transport policies.
"Auto Sapiens" and next-generation urban mobility systems
In discussing future urban transport strategies, I think we are now facing a new phase-Stage 4-as the result of ICT-based technological innovation. The most important of these innovations is connected and autonomous electric vehicles: AVs with AI (artificial intelligence). I would like to call such AV with brains "Auto Sapiens"; their evolution has just begun and has great potential to drastically change our transport. Adaptation of some elements of AV technologies, such as automated speed control systems and V2X (vehicle to vehicle/infrastructure/other things) real-time connected systems such as ride-share apps are accelerating now. Each city should adapt to this evolution; AV-based 'leapfrogging' of motorization in developing cities would be beneficial in avoiding a possible AV divide. Many cities propose health and sustainability as future transport goals. How we seek to reach these goals from our present motorization patterns is a big challenge that we face today (see Fig. 2 ).
